objective HIV diagnosis and linkage to care are the main barriers in Africa to achieving the UNAIDS 90-90-90 targets. We assessed HIV-positive status awareness and linkage to care among survey participants in Chiradzulu District, Malawi. conclusions In settings with high levels of HIV awareness, home-based testing remains an efficient strategy to diagnose and link to care. Men were less likely to be diagnosed, and when diagnosed to link to care, underscoring the need for a gender focus in order to achieve the 90-90-90 targets.
Introduction
UNAIDS has recently defined new ambitious targets that call for 90% of people living with HIV to know their status, 90% of those diagnosed to receive antiretroviral therapy (ART) and 90% of those on treatment to achieve an undetectable viral load. In sub-Saharan Africa, where the majority of people receiving antiretroviral therapy live, timely access to HIV diagnosis and linkage to care remain the main challenges to achieving this objective [1] [2] [3] . WHO estimates that only 50% of HIV-positive individuals in Africa are aware of their status, and this figure rises to 80% in some countries [4, 5] . Among those testing positive, there is substantial attrition between receipt of HIV test result and engagement in HIV care [6] .
Recent attention has focused on the need to move beyond facility-based HIV testing in order to reach greater numbers of people earlier in their disease progression. Community-based and mobile HIV testing and counselling services (HTC) increase rates of test uptake and reach people at an earlier stage of their HIV infection [7] [8] [9] [10] [11] . Community testing approaches are considered cost-effective in high prevalence settings [12] and have been recommended by WHO in generalised HIV epidemic settings in addition to facility-based HIV testing since 2013 [13] .
In Malawi, despite limited resources and high HIV burden, 46% of the adult HIV-positive population were receiving treatment in 2013 [14] . However, as in most countries in sub-Saharan Africa, diagnosis and linkage to care remain the main gaps in the cascade of care. It was also estimated that in 2010, 48% of the men and 27% of the women had never been tested for HIV [1] .
In order to better understand the challenges associated with improving HIV status awareness and engagement in care in Malawi, we measured HIV status awareness at population level, assessed linkage to care among newly diagnosed HIV-positive individuals and assessed risk factors associated with knowledge of HIV-positive status and linkage to care.
Methods

Setting
Chiradzulu District in southern Malawi is a rural district with a population of approximately 289 000 inhabitants [15] . HIV prevalence for the southern region was estimated in 2010 at 14.5% among 15-to 49-year-olds [16] . The population is served by 11 public health facilities (one district hospital and 10 health centres), all of which have provided free HIV care, including ART, with the support of M edecins Sans Fronti eres (MSF) since 2001. In 2012, 27 000 individuals were actively followed up on ART in the district.
An observational cohort study measuring linkage to HIV care was implemented after a cross-sectional population-based survey in Chiradzulu District, Malawi, between February and May 2013. The method of the cross-sectional survey, along with its main results on population viral load and HIV incidence, is described in detail elsewhere [17] . Its objective was to estimate HIV incidence, prevalence, population viral load and coverage at each step of the HIV cascade of care within the population of the district. Using a multistage cluster sampling method, the original study recruited all individuals age 15 to 59 living in 4125 randomly selected households (165 clusters of 25 households). Consenting individuals were interviewed and tested for HIV at home. Information on demographic characteristics, antenatal and delivery care for women, circumcision status for men, and knowledge, access and history of HIV testing information were collected during the interview using a standardised questionnaire.
HIV testing and counselling was offered by nationally certified HTC counsellors in accordance with national guidelines. Rapid testing was performed using serial tests with Determine Rapid HIV-1/2 antibody followed, if positive, by Unigold Rapid HIV test using finger prick whole blood samples. ELISA test was used as the 'tiebreaker' in the event of discordant rapid tests (Determine positive, Unigold negative).
All HIV-positive participants answered an additional questionnaire to identify individuals who were already aware of their status and collect information about their history of access to HIV care, including ART initiation where relevant. CD4 count was taken for all HIV-positive individuals on the same day by a registered nurse either at home or in a tent in the cluster using whole venous blood and point-of-care Alere Pima TM Analyzer, and participants received their CD4 count results within 20 min. All HIV-positive individuals were referred to the health facility of their choice (public or private, within the district or outside the district) with a referral letter indicating their unique study number, date of HIV test, CD4 cell count, age, sex and patient file number if already in care.
Linkage-to-care data collection and study population After specific onsite training and regular reminders, health facility staff were requested to indicate the date of visit of the patient on the referral letter and keep the reference letter filed with the patient record. Reference forms were prospectively collected by the study team regularly up to 3 months after the cross-sectional population-based survey ended. Unique study number, date of visit and health facility attended were recorded in a separate database merged with the main survey database at the end of this prospective linkage-to-care study.
Participants testing positive who had complete information about their previous history of HIV testing were included in the analysis of factors associated with awareness of HIV status. Newly diagnosed individuals were included in the analysis of factors associated with linkage to HIV care.
Awareness of HIV status was defined as reporting a previous positive HIV test before the study inclusion. Linkage to HIV care was defined as attending at least one visit to a health facility within 3 months of HIV diagnosis. ART eligibility was defined as CD4 count ≤350 cells/mm 3 or being pregnant or breastfeeding at the time of study, corresponding to CD4 threshold and PMTCT strategy recommended in the Malawian national guideline at the time of the study [18] .
Data analysis
This analysis explored factors associated with HIV awareness at population level and linkage to care of the newly diagnosed. A secondary analysis of the survey data was used for the first part, whereas the nested cohort was used to explore linkage to care.
For the analysis of awareness of status, descriptive statistics were performed to describe baseline characteristics and random intercept logistic models using backward stepwise approach and likelihood ratio test were fitted to explore factors associated with being already diagnosed; the random intercept was added to account for intra-and interclusters correlation. The main study outcome was linkage to care. Study follow-up started the day the participant was tested during the population survey, and censoring occurs at linkage to care or at 92 days (the end of the observation period for linkage to occur).
For the analysis of linkage to care, descriptive statistics were again generated and the probability of being linked within 92 days assessed using the nonparametric KaplanMeier estimation method. Wilcoxon rank sum tests were used to assess linkage-to-care differences by gender, age, ART eligibility, marital status, education level, subdistrict areas (Traditional Authorities), ethnicity and work categories. Factors associated with linkage to care were explored with fitted parametric shared frailty Weibull models to take into account intra-and intercluster correlation, using backward stepwise approach. All analyses were performed with Stata 12 (Stata Corp, College Station, TX, USA).
Ethics
The study was reviewed and approved by the Malawian National Health Science Research Committee and 'Comit e de Protection des Personnes' of Saint Germain en Laye, France. Written Informed consent was obtained from all participants.
Results
Study inclusion and HIV prevalence
A total of 8277 individuals, living in 4126 randomly selected households, met the eligibility criteria ( Figure 1 ). From this total, 7270 (87.8%) were included in the study and tested for HIV. More women (93.4%, 4275/4575) than men (80.3%, 2995/3730) were included. Absence from home (539 individuals or 73.9% of all individuals not included), refusal to participate (100 individuals or 12.4% of those not included) and not being able to sign the inform consent (62 individuals or 7.7% of those not included) were the main reasons for non-participating to the survey.
Of the 7270 tested participants, 1233 were found to be HIV-positive. The weighted HIV prevalence was estimated at 17.0% (95% CI, 15.8-18.1). It was 19.6% (95% CI, 18.3-21.0) among women and 13.2% (95% CI, 11.9-14.5) among men. A total of 1213 (98.4%) of the 1233 HIV-positive individuals had complete information and were included in the analysis; 68.2% were women, 70% were married and 72.8% had attended primary school as highest level of schooling. Median age was 37 years [IQR [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] (Table 1) .
Factors associated with HIV-positive status awareness
For those already diagnosed, the median time since diagnosis was 4.3 years [IQR 2.3-6.2]; 24.7% (95% CI, 20.0-30.2) of those newly diagnosed by the study reported having tested negative in the previous 12 months.
In total, 76.8% (95% CI, 73.6-79.5) of individuals had already been diagnosed as HIV-positive at the time of the study. This proportion was higher for women (81.6% (95% CI, 78.2-84.4)) than men (66.3% (95% CI, 61.7-70.7 (P < 0.01)) and increased with age from 63.8% (95% CI, 57.6-69.0) among 15-to 29-year-olds to 83.0% (95% CI, 78.6-86.6) among 40-to 59-year-olds. HIV-positive status awareness fell with increasing education, from 84.4% (95% CI 77.2-89.6) for those with no education to 71.9% (95% CI 64.6-78.3) for those with secondary or university education. In multivariate analysis, awareness of HIV-positive status was strongly associated with gender (adjusted odds ratio, aOR=6.48, 95% CI 3.22-13.07 for women vs. men) and increasing age (aOR= 10.13, 95% CI 3.96-25.92 for 40-to 59-year-olds and aOR=3.48, 95% CI 1.63-7.40 for 30-to 39-yearolds, vs. people aged 15-29 years). There was also a trend towards a greater likelihood of awareness of HIV status among those who were married than those who were never married (aOR 4.63, 95% CI 0.98-21.78).
Factors associated with linkage to care
Of the 282 individuals newly diagnosed during the population survey, 244 (86.5%) who had complete referral information and were referred to public health facilities within the district were included in the linkage-to-care analysis. Of those not included, 20 had a missing reference place and 18 were referred to a facility outside Chiradzulu District (Figure 1) . A quarter (59, 24.2%) reported having tested HIV-negative within the previous 12 months and 119 (48.8%) were considered eligible for ART at the time of diagnosis (≤350 cells/mm 3 ) ( Table 2) . Men had lower median CD4 counts at diagnosis than women (328 vs. 440 cells/lL, P < 0.01). Table 2 presents the cumulative probability of being linked to care up to 3 months after diagnosis, stratified by individual characteristics. At 3 months, the linkage Overall, participants contributed to 451 person-months of follow-up. The mean rate of linkage to care was 25.1 per 100 person-months (95% CI, 20.9-30.1) and fell with time since diagnosis. The highest rate of 92.8 per 100 person-months (95% CI, 70.5-122.12) was observed within the first 8 days; it dropped to 3.9 per 100 personmonths (95% CI, 1.61-9.27) during the third month.
The rate of linkage was 28.8 per 100 person-months (95% CI, 22.8-36.4) among women, and 20.9 per 100 person-months (95% CI, 15.6-28.0) among men, with a similar rate of decline over time (Figure 2) .
In multivariate analysis, gender appeared as a significant predictor of linkage to care (adjusted hazard ratio (aHR=1.73, 95% CI 1.12-2.67 among women, men=reference). Increased age was also significantly associated with better linkage to care (aHR=2.14, 95% CI 1.23-3.73 for the 30-to 39-year-old group and aHR=3.39, 95% CI 1.83-6.26 for the 40-to 59-year-old group, compared to the 15-to 29-year-old group). Eligibility for ART was also associated with better linkage to care (adjusted HR=1.61, 95% CI 1.03-2.52) ( Table 3) .
Discussion
In this representative sample of the population of a rural Malawian District, more than three quarters (77%) of the HIV-positive adult population were already diagnosed at the time of the survey and half (49%) of the newly diagnosed individuals had linked to care within three months after diagnosis. Men, adolescents and young adults were less likely to be aware of their status and linked to care. The proportion of adults aware of their status at the time of the survey is higher than data from other recent population surveys in resource-limited settings including Kenya (50%) and Swaziland (60%) [19, 20] . Other countries such as South Africa, France and North America [21] [22] [23] [24] have reported similarly high results, indicating that high awareness coverage can be achieved in a variety of settings, including resource-limited settings in subSaharan Africa. Chiradzulu was the first district in Malawi to introduce and to scale-up ART, in 2001 [25] . Our results suggest that when testing and treatment are widely available and accessible, sub-Saharan Africa countries could achieve similar level of HIV diagnosis if the resources were put into services. People may be more likely to test when they know treatment is available. Malawi increased the number of HIV tests per year from 40 000 in 2001 to 2 200 000 in 2013, mostly through multiplication of fixed testing sites, systematic testing at ANC and campaigns [16] .
These linkage-to-care results (49% at 3 months) are in line with other studies conducted in sub-Saharan Africa using home-based [26, 27] and other testing strategies [6] . Our study adds to the evidence base that home-based testing strategies are effective to diagnose and link to care remaining undiagnosed individuals in a population where an already high proportion is diagnosed, but also underscores that more attention is needed to support timely linkage to care.
Our intervention combined home-based testing and point-of-care CD4 count to assess ART eligibility immediately and at the participant's home. Point-of-care CD4 count is known to improve linkage to care and ART initiation [28, 29] . We found that those eligible for ART, using the national Malawian guidelines implemented at the time of the survey (CD4 threshold of 350 cells/lL for ART initiation and PMTCT option B+), were more likely to link to care after home-based testing. Our findings suggest that newly eligible diagnosed individuals who know they would receive ART if they link to care may be more likely to do so. As only half of the newly diagnosed HIVpositive individuals were eligible for treatment, universal treatment can be expected to increase ART initiation rates, first by increasing the number of individuals in need of ART and secondly by improving linkage to care as those diagnosed positive would know that they will receive ART if they link to care.
Linkage-to-care rates were highest during the first weeks after diagnosis and declined rapidly afterwards. A new contact with patients who have not linked to care after one month may be beneficial to target individuals who not yet linked to care, as the chances of them doing so without support are reduced. Our study provides a further insight into the gender disparity in the early stages of the cascade of care. First, men were less likely than women inclined to get tested for HIV, mostly because of their absence due to labour migration, which was also found in other sites in subSaharan Africa [11, 30, 31] . We managed to reach 80% testing coverage among eligible men by repeating visits, including during weekends. HIV-positive men were less likely to be diagnosed at the time of the survey, which was also found in other population studies [32] . Finally, men newly diagnosed were less likely to link to care than women. This global male delay in engagement in care has contributed to increased mortality among men due to lower CD4 count at diagnosis [33] . Our study suggests cumulative disparities at each step of the continuum of care and that strategies to reach, test and link men to care need to be developed.
Similar to other studies, we found that young HIVpositive adolescents and young adults (age [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] were less likely to be diagnosed and to link to care once diagnosed. Survey data collected from sub-Saharan Africa indicate that only 10% of young men and 15% of young women (15-24 years) were aware of their HIV status [34] . The lower HIV awareness for this age group is likely to be explained by higher HIV incidence. Adolescents may be undiagnosed in part because they have been infected for a shorter time [20, 32] . The lower probability of linkage once diagnosed, which was also found in other studies, highlights the need of specific interventions targeting youth and adolescents [26, [34] [35] [36] . This study was based on a large and representative population sample. Nevertheless, a number of limitations should be noted. First, HIV status awareness was self-reported by participants, which could lead to selfreporting bias. Linkage to care was measured using vouchers regularly collected by teams working in the health facilities in the district and not assessed using new home visits, which can lead to an underestimation of linkage, as some participants may have either died, moved away or decided to link to a facility outside the district. The sample of newly diagnosed individuals was small, and consequently, the risk factor analysis for linkage to care lacked precision. Finally, as with any observational study we were limited in the number of variables for analysis and there may be other, unmeasured factors that contribute to the observed associations.
In conclusion, our study showed high rates of diagnosis and linkage to care in this rural district of Malawi, 10 years after introduction of ART in the region. Individuals in need of ART were more likely to link to care, suggesting the positive impact universal treatment could have on linkage to care and ART initiation through home-based testing campaigns. Finally, men and adolescents and young adults were less likely to be diagnosed and to link to care once diagnosed, confirming the need of specific approaches for these groups to reach the UNAIDS 90-90-90 targets in 2020.
